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Description 

[Defect Diagnosis for Semiconductor 

Integrated Circuits] 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to defect diagnosis, and 

more particularly, to defect diagnosis to determine defect 
level(s) and location(s) in defective semiconductor inte- 
grated circuits. 

[0003] 2. Related Art 

[0004] Fabrication of integrated circuits (chips) of the same de- 
sign may result in defects in some or all of the chips. If 
the defect locations in the defective chips are known, the 
structures at the defect locations can be delayered to de- 
termine which fabrication process(es) caused the defects. 

[0005] Therefore, a method for determining defect locations in 

the defective chips is needed. 
Summary of Invention 



[0006] jhe present invention provides a metliod for defect diag- 
nosis of a circuit design, tlie metliod comprising tlie steps 
of (a) identifying 1^ design structures and N physical char- 
acteristics of the circuit design, wherein M and N are posi- 
tive integers, wherein each design structure of the M de- 
sign structures is testable as to pass or fail, and wherein 
each physical characteristic of the N physical characteris- 
tics is present in at least one design structure of the M 
design structures; (b) for each design structure of the M 
design structures of the circuit design, determining a fail 
rate and determining whether the fail rate is high or low; 
and (c) if every design structure of the M design structures 
in which a physical characteristic of the N physical charac- 
teristics is present has a high fail rate, then flagging the 
physical characteristic as being likely to contain at least a 
defect. 

[0007] The present invention also provides a method for defect 
diagnosis of a circuit design, the method comprising the 
steps of (a) identifying M design structures and N physical 
characteristics of the circuit design, wherein M and N are 
positive integers, wherein each design structure of the M 
design structures is testable as to pass or fail, and 
wherein each physical characteristic of the N physical 



characteristics is present in at least one design structure 
of the M design structures; (b) determining a fail rate for 
each design structure of the M design structures of the 
circuit design; and (c) analyzing the fail rates of a plurality 
of design structures of the M design structures so as to 
determine whether to flag the physical characteristic as 
being likely to contain at least a defect. 
[0008] The present invention also provides computer program 
product, comprising a computer usable medium having a 
computer readable program code embodied therein, said 
computer readable program code comprising an algorithm 
adapted to implement a method for analyzing defects of a 
circuit design, wherein a fail rate for each of a plurality of 
design structures is provided, said method comprising the 
steps of (a) identifying M design structures from the plu- 
rality of design structures and N physical characteristics of 
the circuit design, wherein M and N are positive integers, 
and wherein each physical characteristic of the N physical 
characteristics is present in at least one design structure 
of the M design structures; (b) for each design structure of 
the M design structures of the circuit design, determining 
whether the fail rate of the design structure is high or low; 
and (c) if every design structure of the M design structures 



in which a physical characteristic of the N physical charac- 
teristics is present has a high fail rate, then flagging the 
physical characteristic as being likely to contain at least a 
defect. 

[0009] The present invention provides the advantage of a method 

for determining (in terms of manufacturing levels) defect 

locations in defective chips. 
Brief Description of Drawings 

[0010] FIG. 1 illustrates a flow chart of a method for determining 
the defect locations in defective chips of the same circuit 
design, in accordance with embodiments of the present 
invention. 

[0011] FIG. 2 shows a table illustrating an example of the appli- 
cation of the method of FIG. 1. 

[0012] FIG. 3 illustrates a computer system used for carrying out 

the method of FIG. 1, in accordance with embodiments of 

the present invention. 
Detailed Description 

[0013] FIG. 1 illustrates a flow chart of a method 100 for deter- 
mining the defect locations in defective circuits of the 
same circuit design (not shown), in accordance with em- 
bodiments of the present invention. In one embodiment. 



the method 100 starts with step 110 in which M design 
structures and N physical characteristics of the circuit de- 
sign are identified, such that (a) M and N are positive inte- 
gers, (b) each of the M design structures is testable as to 
pass or fail with respect to, in one embodiment, function- 
ality, and (c) each of the N physical characteristics is 
present in at least one of the M design structures. 
[0014] For example, assume that six scan chains, namely, SCI, 
SC2, SC3, SC4, SC5 and SC6 (i.e., M = 6) and five physical 
characteristics, namely, PCI, PC2, PCS, PC4, and PCS (i.e., 
N = 5) are identified in the circuit design. Assume further 
that each of the six scan chains SCI, SC2, SC3, SC4, SC5 
and SC6 can be tested so as to determine whether the 
tested scan chain passes or fails functionally. Assume 
even further that each characteristic of the five physical 
characteristics PCI, PC2, PCS, PC4, and PCS is present in 
at least one of the six scan chains SCI, SC2, SCS, SC4, 
SCS and SC6. 

[0015] Examples of physical characteristics include, among oth- 
ers, the characteristics of comprising a particular wiring 
level, residing in certain metal levels, sharing a particular 
interconnect level, having a certain number (or range) of 
latches, having a particular type or design of circuit, phys- 



ically placed in one section of tlie chip pliysical layout, etc. 
For the descriptions infra, assume that physical character- 
istic PCI = comprising a particular wiring level. 

[0016] In one embodiment, chip design software tools (e.g., 

Chipbench Niagra, Hercules, etc.) can be used to help de- 
termine the presence or non-presence of a physical char- 
acteristic in a scan chain of the circuit design. More 
specifically, circuit design data and the integrated circuit 
netlist can be fed into the chip design software tool which 
processes the circuit design data and netlist so as to de- 
termine the presence or non-presence of a physical char- 
acteristic in a scan chain. 

[0017] In one embodiment, the presence/non-presence of each 
of the 5 physical characteristics in the 6 scan chains SCI, 
SC2, SC3, SC4, SC5 and SC6 can be summarized in a table 
200 of FIG. 2. With reference to FIG. 2, the presence of a 
physical characteristic in a scan chain can be indicated by 
a "l"in the cell located at the intersection of the row of 
that scan chain and the column of that physical character- 
istic. In contrast, the non-presence of a physical charac- 
teristic in a scan chain can be indicated by a "0"in the cell 
located at the intersection of the row of that scan chain 
and the column of that physical characteristic. For in- 



stance, the "l"in the cell located at the intersection of row 
SCI and column PCI indicates that scan chain SCI has the 
physical characteristic PCI (hereafter, for simplicity, the 
name of scan chain is also used as the name of the row in 
table 200, and the name of physical characteristic is also 
used as the name of the column in table 200). In contrast, 
the "0"in the cell located at the intersection of row SCI 
and column PC3 indicates that scan chain SCI does not 
have physical characteristic PC3. The values in table 200 
are for illustration only. 

[0018] In step 120 of method 100 (FIG. 1), for each of the M de- 
sign structures, a fail rate is determined and then it is de- 
termined whether that fail rate is high or low. In one em- 
bodiment, the scan chains of multiple identical chips of 
the circuit design can be functionally tested as to pass or 
fail so as to determine a fail rate for each scan chain and 
to determine whether the fail rate is high or low. Failures 
used to determine the fail rates can be, inter alia, AC test 
only failures, low VDD failures, IDDQ failures, speed fail- 
ures, etc. In one embodiment, a failure can be defined as 
an event wherein a structure being tested fails a single 
functionality test or a group of functionality tests. 

[0019] In the example supra, assume illustratively that 1000 



identical cliips are built according to the circuit design. As 
a result, there are 1000 SCI, 1000 SC2, 1000 SC3, 1000 
SC4, 1000 SC5, and 1000 SC6 to be tested. When all the 
6000 scan chains have been tested, the total number of 
defective scan chains SCI, SC2, SC3, SC4, SC5 and SC6 
can be obtained. 
[0020] In the example supra, assume further that for the 6,000 
scan chains SCI, SC2, SC3, SC4, SC5 and SC6 of the 1,000 
chips (i.e., 1000 SCI, 1000 SC2, 1000 SC3, 1000 SC4, 
1000 SC5, and 1000 SC6), testing has identified, illustra- 
tively, 800 defective scan chains SCI, 100 defective scan 
chains SC2, 900 defective scan chains SC3, 150 defective 
scan chains SC4, 750 defective scan chains SC5, and 300 
defective scan chains SC6. As a result, the fail rate for 
each of the scan chains SCI, SC2, SC3, SC4, SC5 and SC6 
in the circuit design can be calculated to be 80% (i.e., 
800/1,000), 10% (i.e., 100/1,000), 90% (i.e., 900/1,000), 
15% (i.e., 150/1,000), 75% (i.e., 750/1,000), and 30% (i.e., 
300/1,000), respectively (as shown in Fail Rate column of 
FIG. 2). 

[0021] Assume further that a fail rate is considered a high fail 

rate if it is greater than or equal to, illustratively, 50% and 
is considered a low fail rate otherwise. As a result, the fail 



rates of scan chains SCI, SC3, and SC5 of 80%, 90%, and 
75%, respectively, are considered liigh and are indicated 
by, illustratively, a "1" in the High Fail Rate column and 
corresponding rows in table 200 (FIG. 2). In contrast, the 
fail rates of scan chains SC2, SC4, and SC6 of 10%, 15%, 
and 30%, respectively, are considered low and are indi- 
cated by, illustratively, a "0" in the High Fail Rate column 
and corresponding rows in table 200 (FIG. 2). 
[0022] In step 130 (FIG. 1) of the method 100, in one embodi- 
ment, the high and low fail rates of the M design struc- 
tures (i.e., scan chains) are analyzed against the presence 
and non-presence of each of the N physical characteristics 
in the scan chains so as to determine whether to flag the 
physical characteristic as being likely to contain at least a 
defect in the scan chain(s) in which the physical character- 
istic is present. More specifically, in step 130 (FIG. 1), in 
one embodiment, a physical characteristic is flagged as 
being likely to contain at least a defect if every design 
structure of the M design structures in which the physical 
characteristic is present has a high fail rate. However, the 
physical characteristic is not flagged as being likely to 
contain at least a defect if at least one design structure in 
which the physical characteristic is present has a low fail 



rate. 

[0023] The reasoning for the step 130 (FIG. 1) can be explained 
as follows. Assume that the present physical characteristic 
contains at least a defect. As a result, all scan chains con- 
taining the present physical characteristic can be consid- 
ered failing scan chains. If all such alleged failing scan 
chains have high fail rates, then the assumption that the 
present physical characteristic contains at least a defect is 
likely true, and therefore the present physical characteris- 
tic should be flagged as being likely to contain at least a 
defect. However, if at least one of such alleged failing 
scan chains has a low fail rate, then the assumption that 
the present physical characteristic contains at least a de- 
fect is likely not true, and therefore the present physical 
characteristic should not be flagged as being likely to 
contain at least a defect. 

[0024] In the example supra, with reference to both FIGs. 1 and 
2, in step 130, physical characteristic PCI is flagged as 
being likely to contain at least a defect because all the 
scan chains of the 6 scan chains in which the physical 
characteristic PCI is present (i.e., SCI) have a high fail 
rate (80%). 

[0025] Similarly, physical characteristic PC3 is flagged as being 



likely to contain at least a defect because all the scan 
chains of the 6 scan chains in which the physical charac- 
teristic PC3 is present (i.e., SC3 and SC5) have high fail 
rates (90% and 75%, respectively). 

[0026] In contrast, physical characteristic PC2 is not flagged as 
being likely to contain at least a defect because at least 
one of the 6 scan chains in which the physical characteris- 
tic PC2 is present (i.e., SC2) has a low fail rate (10%). 

[0027] Similarly, physical characteristic PC4 is not flagged as be- 
ing likely to contain at least a defect because at least one 
of the 6 scan chains in which the physical characteristic 
PC4 is present (i.e., SC2) has a low fail rate (10%). 

[0028] Similarly, physical characteristic PCS is not flagged as be- 
ing likely to contain at least a defect because at least one 
of the 6 scan chains in which the physical characteristic 
PCS is present (i.e., SC4) has a low fail rate (1S%). 

[0029] In one embodiment, each of the physical characteristics 
flagged in step 130 can be further analyzed for defects 
using any available failure analysis technique(s). In one 
embodiment, these flagged physical characteristics can be 
delayered (i.e., removing layers sequentially by, inter alia, 
etching) and inspected for defects. In one embodiment, 
one or more failing design structures which contain the 



flagged physical characteristic can be inspected for possi- 
ble defect(s) at locations of the physical characteristic. In 
the example supra, one or more of the 800 failing scan 
chains SCI which comprises the flagged physical charac- 
teristic PCI (i.e., the characteristic of comprising the par- 
ticular wiring level) can be delayered to look for possible 
defect(s) at the particular wiring level (i.e., PCI). 

[0030] In the description of the method 100 supra, scan chains in 
the circuit design are used as a means to determine the 
defect locations in defective chips of the same circuit de- 
sign. In general, any circuit structures that can be individ- 
ually tested for functionality (i.e., can be determined as 
pass or fail) can be used. Examples include, among oth- 
ers, memories, cores, macros, etc. 

[0031] In the description of the method 100 supra, each of the M 
design structures is testable as to pass or fail functionally. 
In general, any test criterion that can be phrased as a 
pass/ fail can be used (i.e., not necessarily limited to 
functionality). 

[0032] In the embodiments described above, the fail rate of each 
of the M design structures is determined by individually 
testing each of the M design structures. In general, as 
long as a pass/fail determination for each design struc- 



ture can be obtained, the M design structures do not have 
to be individually tested. 

[0033] In summary, the present invention provides a method for 
determining the likely location of a systematic failure 
mode or mechanism down to at least a process level (or 
subset of process levels) by characterizing the critical 
content of each scan chain by level and then using statis- 
tical analysis to detect correlations between the amount of 
each type of content at each level and the corresponding 
scan chain yields. 

[0034] In the embodiments above, 50% is used as a threshold 
value in determining whether a fail rate is high or low. In 
general, the threshold value can be any number less than 
100%. However, if the threshold value is chosen too high 
(i.e., close to 100%), most of the fail rates would be con- 
sidered low. As a result, too few physical characteristics 
would be flagged. On the other hand, if the threshold 
value is chosen too low (i.e., close to 0%), most of the fail 
rates would be considered high. As a result, too many 
physical characteristics would be flagged, and therefore, 
delayering would have to be performed for almost all 
physical characteristics. In short, the threshold value 
should be chosen based on the resources and time avail- 



able for performing the delayering process. If the re- 
sources and time available for performing the delayering 
process are abundant, then a lower threshold value can be 
chosen. In addition, in the embodiments described above, 
for illustration, the fail rate threshold value of 50% is cho- 
sen for all M design structures (i.e., 6 scan chains). In 
general, a fail rate threshold value can be independently 
chosen for each of the M design structures (i.e., each of 
the M design structures can have a different fail rate 
threshold value). 
[0035] FIG. 3 illustrates a computer system 90 used for analyzing 
defects of the circuit design, in accordance with embodi- 
ments of the present invention. The computer system 90 
comprises a processor 91, an input device 92 coupled to 
the processor 91, an output device 93 coupled to the pro- 
cessor 91, and memory devices 94 and 95 each coupled 
to the processor 91. The input device 92 may be, inter 
alia, a keyboard, a mouse, etc. The output device 93 may 
be, inter alia, a printer, a plotter, a computer screen, a 
magnetic tape, a removable hard disk, a floppy disk, etc. 
The memory devices 94 and 95 may be, inter alia, a hard 
disk, a floppy disk, a magnetic tape, an optical storage 
such as a compact disc (CD) or a digital video disc (DVD), 



a dynamic random access memory (DRAM), a read-only 
memory (ROM), etc. The memory device 95 includes com- 
puter code 97. The computer code 97 includes an algo- 
rithm for analyzing defects of the circuit design. The pro- 
cessor 91 executes the computer code 97. The memory 
device 94 includes input data 96. The input data 96 in- 
cludes input required by the computer code 97. The out- 
put device 93 displays output from the computer code 97. 
Either or both memory devices 94 and 95 (or one or more 
additional memory devices not shown in FIG. 3) may be 
used as a computer usable medium (or a computer read- 
able medium or a program storage device) having a com- 
puter readable program code embodied therein and/or 
having other data stored therein, wherein the computer 
readable program code comprises the computer code 97. 
Generally, a computer program product (or, alternatively, 
an article of manufacture) of the computer system 90 may 
comprise said computer usable medium (or said program 
storage device). 

[0036] While FIG. 3 shows the computer system 90 as a particular 
configuration of hardware and software, any configuration 
of hardware and software, as would be known to a person 
of ordinary skill in the art, may be utilized for the pur- 



poses stated supra in conjunction with tlie particular 
computer system 90 of FIG. 3. For example, the memory 
devices 94 and 95 may be portions of a single memory 
device rather than separate memory devices. 
[0037] In one embodiment, a determination whether to flag a the 
physical characteristic as being likely to contain at least a 
defect can be made based on the analysis of the fail rates 
of some or all the M design structures. For instance, with 
reference to FIG. 2, for PCI, the analysis of the fail rates of 
SCI and SC2 shows that PCI should be flagged as being 
likely to contain at least a defect. More specifically, by 
comparison between rows SCI and SC2, it can be ob- 
served that all PCs of SCI, except for PCI, are present in 
SC2. On the other hand, SCI has a high fail rate of 80%, 
whereas SC2 has a low fail rate of 10%. Therefore, it can 
be inferred that the presence of PCI in SCI is likely to 
cause SCI to suffer the high fail rate. As a result, PCI 
should be flagged as being likely to contain at least a de- 
fect. 

[0038] While particular embodiments of the present invention 
have been described herein for purposes of illustration, 
many modifications and changes will become apparent to 
those skilled in the art. Accordingly, the appended claims 



are intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



